Molybdenum is one of the important elements for many organisms, and constitutes a nitrogener as an enzyme which is allowed to convert nitrogen in air to ammonia. Thus, molybdenum closely participated in the birth of creatures in a primitive-age, and its geochemical distribution and behavior have also been closely related with the ecology of creatures. In industrial products, it is widely used as a material for a particular steel. Consequently, it exists in various environmental samples as molybdenum(VI), such as tap water, seawater and river water. However, molybdenum had not been the object of regulation until recently.
At present, the regulations for heavy metals are strict; in 1992 molybdenum was also regulated as a monitoring item in tap water, and the tolerable concentration was under 0.07 mg dm -3 . It is difficult, however, to directly determine molybdenum in environmental sample solutions, because it exists at a low concentration level; thus, preconcentration methods, such as solvent extraction [1] [2] [3] , ion exchange 4,5 and coprecipitation 6 have been developed.
On the other hand, a method which is allowed to adsorb chemical species directly onto a solid phase as an absorbent, such as a chelating regin 7, 8 or activated carvon (AC) [9] [10] [11] [12] [13] [14] [15] [16] , is one of the effective preconcentration techniques. Kimura et al. 17 reported a method in which the molybdenum-8-quinolinol complex was adsorbed onto AC at a pH of 3.3 -4.0, and molybdenum(VI) was easily separeted from the mother solution. It is known that Pyrocatechol Violet (PV) as chelating agent reacts with several metal ions 18, 19 to form metal-PV complexes. Molybdenum(VI) also reacts with PV to form a molybdenum(VI)-PV complex, and it is recognized that the complex has a composition of 1:2 under strong acidic conditions, such as in the pH region of 0.2 -0.6 (Fig. 1) . 20 The present authors found that the molybdenum(VI)-PV complex is easily adsorbed onto AC and eluted from AC with an ammonium aqueous solution. This paper describes a method used for the determination of trace amounts of molybdenum(VI) by graphite-furnace atomic absorption spectrometry (GF-AAS) after selectively adsorbing the molybdenum(VI)-PV complex onto AC and eluting molybdenum(VI) from AC. The proposed method is very simple and precise, and has proved to be useful for the determination of ng dm -3 levels of molybdenum(VI) in water samples. Further, the proposed method was successfully applied to the determination of trace amounts of molybdenum(VI) in water samples, such as river, tap and seawater, by GF-AAS.
furnace, was used for an atomic-absorption measurement of molybdenum at the resonances line of 313.3 nm. The spectral bandwidth was set at 0.5 nm. A hollow-cathode lamp of molybdenum was operated at 5 mA, and a deuterium lamp was used for a background correction. The flow of purge gas (argon gas, 1.5 dm
) was interrupted during the atomization stage. A 10 mm 3 aliquot of the sample was manually introduced into the graphite-tube atomizer by an Eppendorf micropipette. Measurements were made in the peakarea mode. The optimal operating conditions for the GF-AAS are given in Table 1 .
Reagents
Standard molybdenum(VI) solutions were prepared by serial dilution of a 1000 mg cm -3 atomic-absorption standard (Wako Pure Chemical Co. Ltd.) with 0.1 mol dm -3 hydrochloric acid. Pyrocatechol Violet (Dojin Chemical Laboratory) was used without further purification. Activated carbon (Merck No.2186 smaller than 300 Tyler mesh) was used after washing with acid. AC was soaked in 3 mol dm -3 nitric acid for 1 d, and washed with deionized water to be nearly neutral, then dried at 120˚C for 2 h. All other reagents used were of analytical grade. All of the solutions were prepared with ultra-pure water obtained by a Milli-Q SP Reagent Water System (Millipore Co. Ltd.).
Analytical procedure
Three cubic centimeters of 0.01 mol dm -3 PV solution is added to 50 -1000 cm 3 of a sample solution containing less than 0.5 mg of molybdenum(VI) and the acidity of the solution is adjusted to about 0.6 mol dm -3 as acid concentration with concentrated hydrochloric acid. Then, 50 mg of AC is added, and the solution is stirred for 10 min to facilitate the adsorption of the molybdenum(VI)-PV complex onto the AC. The AC is separated from the aqueous phase using a 8.0 mm membrane filter (25 mm in diameter), the AC phase on the filter is washed with water. Five cubic centimeters of a 0.4 mol dm -3 ammonium aqueous solution is passed through the AC phase to elute the molybdenum(VI) adsorbed onto the AC. A ten cubic millimeters aliquot of the eluate is injected into the graphite-furnace, and the peak area is measured under the conditions given in Table 1 . Figure 2 shows the effect of the concentration of acid or pH on the adsorption of the molybdenum(VI)-PV complex onto AC. When the analytical procedure was performed at pH 6 without the addition of PV to the sample solution, there was almost a quantitatively adsorption of the molybdenum(VI) onto AC, as shown in Fig. 2 . However, this condition was not applicable to the preconcentration of molybdenum(VI) in real water samples, because the effects of foreign ions were severe on the adsorption onto AC at the nearby neutral range. On the other hand, the molybdenum(VI)-PV complex was adsorbed quantitatively onto AC in the range of pH 4 to 2 mol dm -3 of hydrochloric acid. Consequently, the working acidity for the adsorption of molybdenum(VI)-PV onto AC was set at about 0.6 mol dm -3 as the concentration of hydrochloric acid.
Results and Discussion

Effect of the concentration of acid or pH on the adsorption of the molybdenum(VI)-PV complex onto AC
Effect of the amounts of AC and PV
The suitable amount of PV needed to achieve the maximum adsorption of molybdenum(VI) as molybdenum(VI)-PV complex onto AC at 0.6 mol dm -3 as hydrochloric acid was examined. The molybdenum (VI)-PV complex was quantitatively adsorbed onto AC by the use of more than 15 mg of AC and 1 cm 3 of a 0.01 mol dm -3 PV solution. Then, 50 mg of AC and 0.01 mol dm -3 PV solution were employed for the analytical procedure. Moreover, the ligand PV immediately reacted with molybdenum(VI) to form the molybdenum(VI)-PV complex under analytical conditions, and 622 ANALYTICAL SCIENCES JUNE 1998, VOL. 14 the complex was quantitatively adsorbed onto AC by mixing for about 3 min.
Elution of molybdenum(VI) from AC
In previous papers 9-11 we reported some methods which were allowed to directly inject a suspension of AC adsorbed metal ions without the elution of metal ions from AC into GF-AAS. Although these methods were performed for the determination of molybdenum(VI), the peak height and area of molybdenum were considerably reduced, and a tailing of the peak appeared compared with an injection of the standard molybdenum(VI) solution. It is, namely, thought that molybdenum is not smoothly atomized, because it forms carbide in the presence of AC. Therefore, a suspended method in which a molybdenum suspension with AC injects into graphite-furnace can not be applied for the determination of molybdenum.
Accordingly, the elution of molybdenum(VI) adsorbed onto AC was examined using an alkaline solution. Figure 3 shows the effect of the concentration of an ammonium aqueous solution to elute molybdenum(VI) from AC. The optimum concentration of an ammonium aqueous solution was set at 5 cm 3 of 0.4 mol dm -3 , since molybdenum was quantitatively eluted by the use of more than 5 cm 3 of a 0.2 mol dm -3 ammonium aqueous solution.
Working curve
The working curve obtained with the proposed analytical procedure for an aliquot of 100 cm 3 sample was linear over the concentration range of 0.05 to 0.5 mg of molybdenum(VI) in 5 cm 3 of the eluate, and each absorbance agreed with that of the standard solution. Therefore, the working curve obtained by the standard solution was used for the determination of molybdenum(VI) in real water samples.
The influences of the sample size were investigated by varying the volume of the sample containing 0.3 mg of molybdenum(VI). The recoveries were all over 98% in the 50 -1000 cm 3 range. Thus, the use of a 1000 cm 3 sample aliquot can be assigned a concentration factor of 200. The determination limit (S/N=5) for molybdenum(VI) was 10 ng dm -3 . The ralative standard deviation of six measurements was under 3.0% at 0.3 mg molybdenum(VI) in both the standard solution and the eluate.
Effect of foreign ions
The effects of foreign ions usually found in natural and seawater were examined using a 100 cm 3 sample containing 0.3 mg of molybdenum(VI) and matrix ions. The experimental results are given in Table 2 . Not only was there no interference from the major ions in seawater, such as Na(I), K(I), Mg(II), Ca(II), Cl -and SO 4 -, but there was also no interference from the other minor ions. Therefore, trace amounts of molybdenum(VI) could be recovered quantitatively and selectively using the proposed procedure.
Determination of molybdenum(VI) in water samples
The molybdenum(VI) contents in various water samples, such as seawater, river water, hot-spring water and tap water, were determined by the proposed method. After suspended matter was removed using a membrane filter (pore size: 0.45 mm), 100 cm 3 sample aliquots were employed for the determination of molybdenum(VI) according to the analytical procedure. In the case of seawater, a sample size of 10 cm 3 was adopted, because there was a large amount of molybde-623 ANALYTICAL SCIENCES JUNE 1998, VOL. 14 num(VI). The obtained results are listed in Table 3 . The concentration of molybdenum(VI) in seawater, which was obtained by the proposed method, nearly agreed with the average concentration (10 ng cm -3 ) in all seawater. In addition, the expected recovery for each sample was obtained as shown in Table 3 .
The proposed method has the advantages of simplicity, rapidity and a high concentration factor on the preconcentration procedure, and is applicable to the determination of trace amounts of molybdenum(VI) in water samples.
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